Introduction
Prostate cancer is one of the most common malignant tumors in the male genitourinary system, and it poses a serious threat to patient health. Prostate cancer not only harms the bodies and lives of patients but also causes anxiety, depression, and other negative emotions, and the lesion's location in the male reproductive organ may often 
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Yang et al impact the patients' feelings of self-respect. 1 For patients with advanced prostate cancer, castration can inhibit the secretion of testosterone, which helps inhibit the growth of prostate cancer cells. Castration is divided into drug castration and surgical castration. 2 The surgical operation that patients undergo during castration is an orchiectomy, which often causes patients to suffer great psychological trauma and stigma and a decreased sense of dignity. Therefore, the psychological health problems of these patients demand greater attention.
Psychology and immunity are interrelated. Psychoneuroimmunology is currently a key area of research focus, especially in relation to cancer patients. Many studies have considered the effect of the patients' own psychological indicators on their immunity or the effect of psychological intervention on the patients' immune function. Relationship between patients' mood and immunity has been confirmed. 3, 4 Unlike other studies, the present study not only performed a survey of the psychological health status of prostate cancer patients treated by orchiectomy but also examined the effects of doctors' empathy on various aspects of patients' psychological health, such as stigma, self-efficacy, and anxiety, along with patients' cellular immunity. The mechanism by which doctors' empathy influences patients' immunity is the focus of this study. Although published studies have tested the relationship between doctors' empathy and patients' outcomes, these studies focused on the patients' psychological parameters rather than on physiological indices, 5 highlighting the innovation of the present research.
Empathy refers to the ability to understand another's situation and to respond appropriately to his or her feelings. It is a relatively stable individual trait. 6 The empathy of medical staff members is of great importance because it affects the doctor-patient relationship, patients' satisfaction, the quality of patient-centered care, and patients' outcomes. [7] [8] [9] Currently, developed countries attach great importance to empathy education of medical staff. For example, the American Association of Medical Colleges (AAMC) requires all medical schools to provide courses for improving students' empathy. 10 However, medical humanities education, such as coursework in empathy, is inadequate in developing countries. Thus, the purpose of this study was to confirm the effect of doctors' empathy on the physical and mental health of patients with prostate cancer using a Chinese sample. The authors recommend that medical staff aim to increase their attention to patients' mental health and to improve their empathy.
In this study, the following hypotheses are proposed. Hypothesis 1: doctors' empathy directly affects patients' cellular immunity.
Hypothesis 2: patients' stigma, self-efficacy, and anxiety mediate the relationship between doctors' empathy and patients' cellular immunity.
Participants and methods Participants
The participants were 175 prostate cancer patients who were treated between October 2016 and January 2018 at five hospitals in north China. The patients met the following predetermined criteria for eligibility: 1) each patient was diagnosed with prostate cancer and was in the T3 or T4 stage; 2) each patient was hospitalized for at least 7 days to undergo orchiectomy; 3) each patient was aware of his illness, able to provide informed consent, and able to complete all questionnaires with full awareness of his cancer diagnosis; and 4) each patient underwent the operation within 1 month from when they were diagnosed. The following exclusion criteria were used: 1) intake of drugs that affect immune function, 2) severe malnourishment, 3) radiotherapy or chemotherapy within 3 months of the study, and 4) treatment with traditional Chinese medicine within the prior 3 months. In this study, the patients were treated by 41 doctors from Urology Surgery. As the chief physician during the patient's hospitalization, the doctor is responsible for the treatment and health education of his or her patients. Additionally, the doctor aims to pacify patients when they have negative emotions and to answer their questions. The Wuhan University School of Medicine's Ethics Committee approved this study (no 20160928). All participating patients provided written informed consent.
Procedures
The purpose of this study was to perform a mediation analysis to examine whether the relationship between doctors' empathy and patients' cellular immunity is mediated by patients' stigma, self-efficacy, and anxiety. The relationships among the mediator variables were also measured. The main steps used to test these relationships were as follows: 1) on the day of admission (T1), a cross-sectional, anonymous questionnaire including questions on essential information and disease conditions was administered to the prostate cancer patients; their stigma, self-efficacy, and anxiety were measured on T1, T2 (14 days later), and T3 (3 months later); blood samples were also collected at these times to assess cellular immunity; the empathy of each doctor was measured when the study began; 2) patients' stigma, self-efficacy, anxiety, and cellular immunity at T1, T2, and T3 were compared to show trend variations, and the effects of demographics and disease condition on immunity at T3 were analyzed; and 3) in a structural equation model, the correlations among the patients' stigma, self-efficacy, anxiety and immunity with the doctors' empathy were measured at T3. Then, the role of the psychological variables and the relationships among them were presented.
Measures Patient questionnaire
This essential information section was used to collect sociodemographic information, such as age, marital status, educational background, place of residence, monthly family income per capita, medical insurance, and family relationships. Disease condition (staging) information was completed by the doctors.
To assess stigma, the Social Impact Scale (SIS) was used. The scale was constructed by Fife and Wright 11 in 2000. The scale comprises 24 items answered on a 4-point Likert scale, with each response score ranging from 1 to 4. Four dimensions corresponding to social rejection, financial insecurity, internalized shame, and social isolation were included. Scores on the SIS range from 4 to 96, with higher scores indicating greater stigma. This scale is widely used and has good reliability and validity. The Chinese version was used for this study. 12 To measure self-efficacy, the Brief Version of the Cancer Behavior Inventory (CBI-B) was used. This inventory is a 12-item scale of self-efficacy for cancer patients derived from the longer 33-item version (CBI-L) constructed by Carolyn. 13, 14 There are four dimensions: 1) maintaining independence and positive attitude, 2) participating in medical care, 3) coping and stress management, and 4) managing affect. For the 12 questions, each response score ranges from 1 to 9. Scores on the CBI-B range from 12 to 108 and higher scores indicate greater self-efficacy. 13, 14 To measure anxiety, the Hospital Anxiety and Depression Scale (HADS) was used to assess depressive mood. The HADS is a 14-item self-assessment scale that consists of seven items used to screen for anxiety (HADS-a) and seven items used to screen for depression (HADS-d). Each item has a 4-point (0-3) Likert-type scale, while each subscale totals from 0 to 21 and the two scales total from 0 to 42. Higher scores indicate more severe anxiety or depression. 15 The optimal cutoffs for both the HADS-a and the HADS-d were identified as 8, with an optimal cutoff for the HADS-total of 15. 16 Participants are asked to choose their response for each question according to their actual circumstances within the last month. In this study, only the HADS-d was used to measure the depressive mood of the patients.
Patient cellular immunity
To control diurnal variations, peripheral venous blood samples were collected between 9 am and 10 am before the questionnaires were completed. Patients' cellular immunity tests were completed by the professional staff working at the clinical laboratory of the hospital. The immunity tests evaluated T-cell subsets, including the percentage of total T cells (CD3
, and B cells (CD19 + ). Flow cytometry was used to assess T-and NK-cell counts with a Cytomics™ FC 500 series instrument from Beckman Coulter (Brea, CA, USA). Reagents from BD Bio-Engineering Co., Ltd. (Franklin Lakes, NJ, USA), were used. Cells were fixed in 3% formaldehyde in an isotonic azide-free solution (Beckman Coulter). Labeled antibodies were added at the recommended concentrations, and then, cells were washed. Cells were cultured in the dark, and then, excess antibodies were washed out.
Doctors' empathy
The Chinese version of the Jefferson Scale of Empathy (JSE) was used to measure individual differences in empathy among the doctors. The scale was first developed in 2001 at Jefferson Medical College to assess empathy in the context of patient care and medical education. 17 The scale consists of three dimensions (compassion care, perspective taking, and standing in the patient's shoes). The assessment includes 20 items that are answered on a 7-point Likert scale. Each response is converted into a numerical score ranging from 1 to 7 (1 indicates "strongly disagree" and 7 indicates "strongly agree"). 18 Therefore, scores on the JSE range from 20 to 140, with higher scores indicating stronger empathy levels. There is widespread support for the JSE across many countries, and it has good reliability and validity. 19 The Chinese version of the JSE was used in this study to measure doctors' empathy. This scale has satisfactory reliability and validity when applied in clinical studies and has been widely used in China. 20 
statistical analyses
The variance analysis test was used to compare immune indices at T1, T2, and T3. A multivariate linear regression model was used to analyze the factors influencing the immune index that showed statistically significant differences between T1 and T3. Pearson's correlation analysis was used to preliminarily measure the relationships among the patients' stigma, self-efficacy, and immune indices and doctors' empathy. In this research, alpha =0.05, and the tests were two tailed. The above data processing and analyses were carried out using SAS Version 9.4 for Windows. To further investigate the relationships among patients' stigma, self-efficacy, anxiety, and immune indices and doctors' empathy, structural equation modeling (SEM) was performed using AMOS Version 5. The indices of the model's fit to the data were evaluated with the following statistics: goodness-of-fit index (GFI) (0.9), comparative fit index (CFI) (0.9), root mean square error of approximation (RMSEA) (0.05), and Chi-square/df (2).
Results sample
All the selected doctors agreed to participate in the study. They were all males with a median age of 41.26±6.18 years. A total of 175 patients participated. The average age of the sample patients was 61.28±7.64 years. The average number of hospitalization days was 6.46±0.79 days. The patients' demographics and disease conditions are shown in Table 1 .
comparison of cellular immune indices and psychological indicators of patients at admission, after 14 days, and after 3 months
Comparisons of the patients' cellular immune indices and psychological indicators at admission, after 14 days, and after 3 months are shown in Table 2 . At the three time points, changes in the NK subset were statistically significant (P0.0001). There were no significant differences in the proportions of CD3, CD4, CD8, and B cells (P0.05). The changes in patients' anxiety, self-efficacy, and stigma were also statistically significant (P0.0001).
effect of demographic characteristics and disease condition on the patients' nK subsets
The results of the multivariate linear regression analysis are shown in Table 3 . There was a statistically significant difference in the NK subset between smokers and non-smokers (P0.001). This finding indicates that smoking is an influential factor in the NK subset. Moreover, the difference in the NK subset at 3 months compared with baseline is another influential factor of the NK subset.
correlations of doctors' empathy with patients' stigma, self-efficacy, anxiety, and nK subset Pearson's correlation was used to analyze the relationships of patients' stigma, self-efficacy, anxiety and NK subset with doctors' empathy, as shown in Table 4 . The results showed that the doctors' empathy was negatively correlated with patients' stigma (r=−0.648, P0.01) and anxiety (r=−0.643, P0.01) and positively correlated with patients' self-efficacy (r=0.542, P0.01) and NK subset (r=0.508, P0.01). Patients' self-efficacy was negatively correlated with stigma (r=−0.613, P0.01) and anxiety (r=−0.690, P0.01) and positively correlated with NK subset (r=0.608, P0.01). Multiple mediating effects among doctors' empathy and patients' stigma, self-efficacy, and nK subset
According to the above analysis, a correlation among doctors' empathy and patients' stigma, self-efficacy, anxiety, and NK subset was identified. To further clarify the relationships Figure 1 .
The normalized path coefficient is shown in Table 5 . The path coefficients for the effects of doctors' empathy were −0.616 on patients' stigma, −0.728 on patients' anxiety, and 0.371 on patients' self-efficacy. The path coefficients for the effects of patients' anxiety were 0.264 on patients' stigma, −0.482 on patients' self-efficacy, and −0.264 on NK subset. The path coefficient of the effects of patients' stigma on NK subset was −0.208, and the path coefficient of the effects of patients' self-efficacy on NK subset was 0.37. These values were significant at alpha =0.05.
To verify the mediating effect, bootstrapping was used. The confidence interval was set to 95%, and the number of selfsamples was set to 5,000. The obtained results are shown in Tables 6 and 7 . The analysis revealed that the mediating effect was significant when 0 was not contained in the confidence interval. In this study, the overall mediating effect of the three intermediary variables was significant. The general effect was 0.315 (95% CI: 0.240-0.410). In the three mediating paths, the anxiety, self-efficacy and stigma played significant intermediary roles, and the effects were 0. After removing the mediating effect of the three variables, the effect of doctors' empathy on patients' NK subset was not significant. This indicated that patients' anxiety, self-efficacy, and stigma together completely explained the mediating role between doctors' empathy and patients' NK subset.
Discussion
This study revealed that among the five cell immunoassay indices measured when the patient was admitted to the hospital, after 14 days, and after 3 months, only changes in the NK subset were statistically significant. The influences of demography and disease condition on the NK subset were further analyzed, and the results showed that smoking was the most influential factor, consistent with the results of previous research. 21 Another influential factor was the difference in the NK subset (the 3-month NK subset minus the baseline NK subset), which indicated that the individual immune function of patients was related to their postoperative immune status. In addition, changes in patients' stigma, self-efficacy, and anxiety were significant at the three time points. Patients exhibited significantly increased anxiety and stigma and significantly reduced self-efficacy at 14 days after being hospitalized. At 3 months, their psychological indicators had significantly improved. This suggested that careful attention should be paid to patients' mental state changes, especially at 14 days after admission, when they had just recently undergone orchiectomy. Through Pearson correlation analysis and structural equation, the relationships between doctors' empathy and patients' stigma, self-efficacy, anxiety, and cellular immunity were examined in a cross-sectional sample of Chinese prostate cancer patients. The two hypotheses proposed above were tested.
Regarding the first hypothesis that doctors' empathy directly affects patients' cellular immunity, the results suggested that this hypothesis should be rejected. When the intermediary variable is removed, the effect of doctors' empathy on patients' NK subset was not significant, which suggests that the doctors' empathy did not directly affect the patients' NK subset.
The second hypothesis that patients' stigma, self-efficacy, and anxiety mediate the relationship between doctors' empathy and patients' cellular immunity was confirmed. The results proved that patients' stigma and self-efficacy fully mediated the relationship between doctors' empathy and patients' NK subset. This finding indicates that the effects of doctors' empathy on patients' NK subset could be completely explained through the patients' stigma, self-efficacy, and anxiety. The mechanism of the influence of the doctors' empathy on the patients' NK subset could be as follows: the doctor's empathy may first affect the patient's psychology in terms of factors such as stigma, self-efficacy, and anxiety. Then, the patient's psychology affects his or her immunity. The specific processes and explanations are discussed as follows.
First, doctors' empathy directly affected patients' selfefficacy, stigma, and anxiety. Doctors' empathy showed negative relationships with patients' stigma and anxiety and a positive relationship with patients' self-efficacy. The conclusion that doctors' empathy affects patients' 23 confirmed that the more that doctors who performed bronchoscopy were able to empathize with their patients, the less anxiety the patients felt. The finding that doctors' empathy affects patients' psychology may be explained by the following reasons: 1) doctors with strong empathy can better understand the patients' stigma and provide more compassionate care than less empathic doctors, which helps to relieve the patients' negative emotions, such as stigma. 24 Similarly, doctors with high empathy are often good at taking others' perspectives and they can stand in the patients' shoes to understand patients' feelings and respond to them positively and appropriately. 25 Therefore, patients are more likely to feel respect, support, attention, and love from these doctors. They are also more willing to accept the doctors' attempts to provide comfort and are more likely to cope with cancer with a more active attitude. Moreover, these patients may more routinely participate in medical care and do a better job of managing their stress. The patients of these doctors will be good at managing their emotions, meaning that they are more likely to express a range of emotions, including anger, and to seek opportunities to share their fears and concerns. These are all high self-efficacy behaviors; 26 2) doctors with high empathy can identify patients' concerns more quickly when listening to patient narratives, which helps them provide targeted health education and suggest referrals for psychiatric care. In this way, the mental health of the patients is improved, their stigma and anxiety are decreased, and their self-efficacy is increased; 3) when communicating with doctors with strong empathy, patients are willing to share their thoughts and concerns, such as those related to stigma and anxiety. Confiding is considered a process of releasing emotions that can help patients reduce the pressure they feel and establish a more positive attitude; 4) empathy promotes patient-centered care and is the basis for shared decision making. 27, 28 Such conditions are the embodiment of respect for patients' autonomy. These factors increase patients' dignity, which helps reduce their stigma and anxiety and enhance their self-efficacy.
Second, patients' stigma, anxiety, and self-efficacy directly affected their NK subset. Patients' stigma and anxiety showed negative relationships with NK subset, while there was a positive correlation between self-efficacy and NK subset. The effects of psychology on immunity have been widely confirmed by many studies. 29 Psychoneuroimmunology is an established field, and the role of the hypothalamic-pituitaryadrenal axis has been well documented. 30, 31 Therefore, in this study, higher levels of stigma and anxiety (negative emotions) were associated with lower NK subsets. Conversely, higher self-efficacy (a positive emotion) was associated with greater NK subsets.
Moreover, the results showed that patients' anxiety affected their stigma and self-efficacy because once patients become anxious, they lack the motivation to cope with the disease and feel greater stigma. This finding indicates that medical staff should pay closer attention to relieving patients' anxiety.
Although no previous studies have shown a relationship between empathy and prostate cancer immunity, the impact of doctors' empathy on patients' physiological indicators, similar to this study, has been confirmed by former studies in patients with different diseases. For example, Hojat et al 32 found that physicians' empathy was related to diabetic patients' hemoglobin A1c and LDL-C levels. Del Canale et al 33 reported that physician empathy was associated with disease complications in diabetic patients. Cánovas et al 34 confirmed that doctors' empathy helped to relieve pain in patients with moderate-to-severe chronic pain. These findings suggest that medical staff should focus on improving their empathy toward patients. Medical educators and hospital administrators should attach greater importance to empathy training for medical staff. In addition, given that patient stigma and self-efficacy were found to mediate the relationship between doctors' empathy and patients' NK subset, the authors recommend that when medical staff communicate with or provide health education to patients, they should focus on reducing patients' stigma and improving patients' self-efficacy through a variety of methods. In this way, the patients' physical and mental health can be improved.
There are various limitations to this study. First, the present research used a cross-sectional design. In practical applications, patients' stigma and self-efficacy may be related to depression, social support, and other emotions. These psychological parameters may be interrelated, and the relationships among them could not be determined in the current study. Further cohort studies that examine more psychological indicators need to be conducted. Second, many factors affect immunological functions, including sports and personal physique, and the factors included in this study were limited. Third, patients' perceptions on doctor-patient empathy should be evaluated in the future.
Conclusion
Although there are some limitations in this study, the empirical research conducted in this study confirmed that urologists' empathy affects prostate cancer patients' immune functions through influencing patients' stigma, self-efficacy, and anxiety. In addition, anxiety directly affected stigma and 
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Doctors' empathy affects patients' immunity self-efficacy. Therefore, interventions that focus on patients' anxiety, stigma, and self-efficacy should be developed. As an empirical study, this research indicated that doctors' empathy affected patients' psychological parameters and immunity. Therefore, medical staff members should improve their empathy and personal relationships with patients to better maintain patients' physical health and mental health. Empathy education for medical students and medical staff in developing countries should be more actively provided.
